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Amplified Ground Motion

Amplification of earthquake ground motion refers to the imcrease mn the mtensity of
ground shaking that can occur due to local geological conditions, such as the presence of soft
soils. Amplified ground motion 15 one of the most serious causes of earthquake damage.
Despite relatively modest ground shaking, the August 30, 1962, earthquake in Cache Valley
(magnitude 5.7) caused nearly $1 mullion of damage (1962 dollars; Lander and Cloud, 1964).
This map estunates the amplhified ground-motion hazard by: (1) showing the distribution of 1997
Uniform Building Code (UBC), soil-profile types (International Conference of Building Officials., ;
1997), which correspond to site classes designated by the U.S. National Earthquake Hazards |
Reduction Program (NEHRP)(Building Seismuc Safety Council, 1997) and 2000 International 42307 | b ) | e e e N e ey e | b ] et o — L
Building Code (IBC)(International Code Council, 1997); (2) applying an example earthquake .: i S AE ‘f 0 "':; F AT L | fjll : 2 45130
ground motion (Frankel and others, 1996) to each soil-profile type: and (3) moddying the ground | R T R G - 1in SRR - b [
motion with amp lification factors (site coetficients) determuned by NEHRP to calculate local
ground motions. These example ground motions for each mapped soil-profile type are shown in
table 1. For actual design ground motions refer to the 1997 UBC, or 2000 IBC 1if
adopted, for appropriate ground motions and site-ampldication factors.
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This map was compiled by collecting relevant data from geotechmical boreholes, _ A p : i R l e ]t
supplementing these data with mformation from water wells and geologic maps, and integrating =E AR i | £ & i
data from the three sources into a Geographic Information Systems (GIS) format using ArcView | engh S = N 5 Al plamt i e NS NS DUV M. IR /Rt s el B
GIS v3.2 (Environmental Systems Research Institute, Inc., 1999) and ArcView Spatial Analy st e o ] . SR TR | " ‘i e | e Lo O e i L {
v2.0a (Environmental Systems Research Institute, Inc., 2000) software. Soil-profile types are S . TERY B e 0 s i e s Wheeagos e [ 0 I
defined by shear-wave velocity, indramed shear strength. or standard penetration test (SPT) : | e e e e
results m the upper 30 meters of soil or rock. In our four-quadrangle study area, shear-wave
velocity was measured m only two locations and undramed shear strength was not measured
anywhere. SPT data were measured in 182 geotechnical boreholes, but only eight of the boreholes ; | | L e e g ; e P e Pl i - _
were drilled to depths of at least 30 meters. In contrast to the linuted depth and rregular spatial 16| | L | o ‘ "‘-';5::__" - L e - . jf _ | ”
distribution of geotechnical boreholes, water wells in the central Cache Valley are typically deeper | : A T g A ; R L ' ' ; o e a 13 3
than 30 meters and are widely and uniformly distributed. Of 1,032 water wells m the area, 901 are
at least 30 meters deep. Therefore, we use water-well logs to determune the subswtace stratigraphy
of the upper 30 meters of so1l and geotechnical-boring logs to determine the relationship between
SPT data and subsurface stratigraphy. We then estumate SPT values for stratigraphic units in
water wells by correlation with Unified Soi1l Classification System classes i geotechnical
boreholes. This lmk between abundant water-well logs and the correlation between SPT data
and subswrtace stratigraphy m geotechnical boreholes, supplemented by surficial-geologic map data
(McCalpin, 1989, Lowe and Galloway, 1993; Evans and others, 1996; Solomon, 1999), enables us

to map soil-profile types.
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When usmg this map, several important qualifiers must be noted:

. Although water wells are more widespread than geotechnical boreholes, geologic
mterpretations based on water-well logs are less precise than interpretations of
borehole logs. The use of water-well logs 13 appropriate only for regional studies
in areas where geotechnical data are sparse or lackmg Water-well logs should not
be relied upon for site-specific mvestigations (table 2).
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. Amplification by soft soils dummushes as the strength of ground shaking increases
(Building Seismuc Safety Council, 1997). Consequently, amplhification by soft
so1ls may be less durmg strong ground shaking generated by a nearby large
earthqualke, but could be significant for moderate ground shaking generated either
by a more dustant large earthquake or nearby moderate earthquake. However,
moderate ground shaking occurs more frequently than strong ground shaking, so
that areas on this map assigned a hugh amplification factor will be subjected to
potentially damaging ground motion more often than areas assigned a low
amplification factor.
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. This map does not address amplification of ground motion due to resonance. The
specific periods of ground motion that match the natural periods of a site can be
greatly amplified, and can be particularly destiuctive to structures whose natural
periods match those of the site (Rial and others, 1992).

. This map does not address amplification of ground motion near the fault causing
the earthquake due to near-fault rupture directivity. Sites near sutace traces of
active faults (the West Cache and East Cache fault zones) may be subject to
ground motions greater than anticipated. This effect 15 particularly significant for
structures, such as tall builldings, that are sensitive to long-period ground motions
(Somerville and others, 1997). 619

. This map does not address amplification of ground motion due to topography,
which can exceed amplhification due to soil conditions 1n some cases. High
amp lification 18 commonly experienced on hills, ridges, and the tops of cliffs
(Somerville, 1998).

. This map does not address amplification of ground motion due to three-
dimensional etfects, such as the focusing of energy due to the structure of the 480 OO0
earth's crust in the region, which can be as great as amplification due to soil FEET |

conditions (Somerville, 1998). *1]

------

Amplified ground-motion hazards on this map retlect variations due to soi1l conditions,
which are applicable to most earthqualkes that will affect the region. Near-fault, topograpluc,
and three-dumensional effects are more dependent on the earthquake location and direction of
selsmic-energy propagation.

Surface Fault Rupture
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During a large earthquake, fault rupture at depth may propagate upward and displace the
ground swtace, formung amam scarp and adjacent zone of deformation. The zone of
deformation mcludes features such as ground cracks and tilted and downdropped blocks. Faults
that show evidence of repeated surface displacement durmg Quaternary (the last 1.6 mullion
years), particularly Holocene (the last 10,000 years)., tune represent a potential hazard to
development. Two fault zones n the central Cache Valley, the West Cache and East Cache fault
zones, show clear evidence of Holocene displacement. The Wellsville fault, part of the West
Cache tault zone, bounds the west side of the valley in the Wellsville quadrangle (refer to the
mdex map for quadrangle locations). The most recent surface-faultng event on the Wellsville
tault occurred between 4,400 and 4.800 yvears ago (Black and others, 2000). The Junction Hills fault,
also part of the West Cache fault zone, extends mto the western margin of the Newton quadrangle.
The most recent surface-faulting event on the Junction Hills fault occured between 8,250 and 8,650
yvears ago (Black and others, 2000). The central sezment of the East Cache fault zone bounds the
east side of the valley mn the Logan and southern Snuthfield quadrangles. The most recent surface-
faulting event on the central segment occurred about 4,000 vears ago (McCalpin, 1994). The
northern and southern segments of the East Cache fault zone bound the east side of the valley,
respectively, m the northern Snuthfield quadrangle and on the southem edge of the Logan A \ S | ETetm = | ;
quadrangle. Although the northern and southern segments show evidence of Quaternary AL e N— - : 0l Sy ' R L o A g L
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years ago and on the southern segment between 26,000 and 46,000 years ago (McCalpin, 1994). ﬂ{{ 4f00m. . L117927307
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This map sl_mws fqults with evidence of ngtemar}f switace d15pla~3:mne11t and special- @abﬁi Table 1. Ground motions and characteristics of UBC soil-profile types in the central Cache Valley, Utah. 5%
study areas associated with these faults. The special-study areas, extending 1350 meters on the @ > _ ”@fﬁ
downthrown side and 75 meters on the upthrown side from mapped fault traces, show areas S“’ff;“;ﬁl“ Ground Maton Gharditerntce Sources of Rubsurface Data
withm which site-specific studies should be pertormed prior to development to evaluate _ Short Period (0.3 seconds) Long Period (1 second) Standard Geology '
earthquake history, characterize the zone of deformation, and determine fault setbacks. Glieras) (typically aficetmg snort huildings:) (ygieally aftecting falL buliiiig ) veRsha R
REFFRENCES S potrdi smplification - Spectral | Amplification | Loeal (b lows/ft) @ Geotechnical borehole with data to 30-meter depth
Acceleration Factor® Acceleration Acceleration Factor™ Acceleration
i e s . (2) (2) (2)° (2) * ; o : ;
Black, B.D._. Gu a_ud. R.E.. and Mayes. B.H.. 2000, Paleoseismic mvestigation of the Clarkston, e o (O Geotechnical borehole with insufficient data to classify
Junction Hills, and Wellsville faults, West Cache fault zone, Cache County, Utah: 1.02 08 0.3 0.3 0.3 0.3 na St ;Ilfflgl G e o GH [T
Utah Geological Survey Special Study 98, 23 p. ’ 4 ' _ . _
102 10 1.0 0.32 10 03 na Rock-includes all Tertiary units; weakly indutated. s |5 B Water well with data to 30-meter depth
Building Seismic Safety Council, 1997, NEHRP recommended provisions for seismic = . . . ]| /A0 ML
= s SAiagy - ety dense soil-generally coarse-grained deposits i i : i
regulations for new buildings and other structures: Washington, D.C., Federal Emergency with gravel, cobbles, or boulders, includes alluvium Water well with insufticient data to classity
. : : | et and alluwal-fan deposits of major canyons and
Management A gency Publication 302, Part 1 - Provisions, 337 p. 1.02 1.0 1.0 0.32 15 0.5 =501 (Al Aréa s oF dhalloarbedracic Fieab the rinige Boat.
_ _ . - T UTM GRID AND 1986 MANETIC NORTH Shallow excavation (generally less than 3 meters deep) with msuttficient data to
Environmental Systems Research Institute, Inc., 1999, ArcView GIS v3.2: Redlands, California, SERRE LI DECLINATION AT CENTER OF QUADRANGLE classify
Environmental Systems Research Institute, Inc. Biff soil-includes clays of the B onneville and )

1.02 11 1 0.32 1.8 0.8 15<MH=50 Litfle Valley lake cycles and coarser deposits of
interplusial alluvial fans fom major drainages

---2000, ArcView Spatial Analyst v2.0a: Redlands, Califormia, Environmental Systems Research

Institute, Inc. _ Soft soil4ncludes lake clays beyond the distal edges
sﬁ 1.02 0.0 0.9 0.32 28 0.9 <15 SFibE e B e 6 B e B el

Evang, 1.P., MCCH]}) i, IL.P., and Holmes, D.C.. 1996. GEDIDEIC map of the LDngl [ SF mite-specific geotechnical investigation and dynarmic site-response analysis shall be puﬂ’fl:urmnaldT Mot mapped, but may locally occur.
quadrangle, Cache County, Utah: Utah Geological Survey Miscellaneous Publication 96-
1. scale 1:24.000. 16 p. :"I'he F:ritin::al peﬂlnd of ground motion for a specific building or building type should be determined by a qualified smjn::uu“all ENOITEE. | B Fault Sym bols
‘Masdmum considered earthgqualce spectral -response accelerations mapped by Frankel and others (1996 based on accelermtion at center of four quadrangle study area wath 2% probability of extceedance
in 50 years, usedin BC and NEHRP provisions. The UBC uses seistric zone factors based on peak accelerations with a 10% probability of exceedence in 50 years, HDIDCE]IE fﬂlﬂt
Frankel, Arthur, Mueller, Charles, Barnhard, Theodore, Perkins, David, Leyendecker, E. V., repslemtionchased site coeficient Wam NEHRE feconmended pramstons (h Lelding Seimite Sty Gounail, 1997, dah 140
: i : i "Weloaty-based ate coefiicient from NEHRP recommended provisions (Building Setsmic Safety Council, 1997 tab. 4.1 240 . . .
Dickman, Nancy, Hanson, Stanley, and Hopper, Margaret, 1996, National seismic-hazard ‘Local Accelemtion = Speciral Acceleration x Amplification Factor. | | | | N Quaternary fault (with no evidence ot Holocene movement)
maps--documentation June 1996: U.S. Geological Survey Open-File Report 96-532, 110 p. *orandd Eenetation FeettblewsinoLion Beniechmealnonnigs of equtalb vatusawedictied b walervells Rangeofyaluseiorsalipenfile Boesd (@ Ande: jafe syt Red By et viform Ridlping G ade PR Dashed where approximately located, dotted where concealed, ball on downthrown side
£ (Intemational Conference of Building Officials, 1997, na -not applicable
“International Conference of Building Officials (1997 Soils requining site-specific evaluations nclade soils vulnerable to potential failure or collapse dunng earthguake ground shaling such as liquefiable soils g . 3
. . . o . . . . . > . 5 . . . i - - . witace-fault-rupture gpecial-study area
International Code Council. 1997, International Bl_llldlllg Cade 2000--First Draft: Bll‘llllllgl]ﬂlll. (showm on plate 2 of this report), quick and highly senative clays, and collapable wealdy cemented soils, peats and tughly orgamic days thicker than 3 meters; very high plasticity clays thicker than & meters; P P b

and very thick soft'medium stiff clays thuicker than 36 meters.
Alabama, 35 chapters.

International Conference of Building Officials, 1997, Uniform Building Code; Volume 2: Whittier,
Califorma, 492 p.

Lander, I.F.. and Cloud, W.K.. 1964, United States earthquakes, 1962: Washington, D.C., U.S. Table 2. Recommended requirements for site-specific investigations of mapped potential hazards.

Department of Comunerce, Coast and Geodetic Survey, United States Earthquake Series, Hazard Soil Profile Type, Development Type
p. 112-113. ” gﬂf:fé?ﬁiia;“;;“ This map 15 mtended prumarily for regional planning purposes and should not be used as a
1 Essential Facilities, Indusirialand Commercial Buildings Resid ential Resid ential = mgiition ; : = 2 = : . E
| N | | Special and High. (Other Than High. Occup ancy) Subdivisions | Single Lots sub stltute_fm site specific geotechnical mvestigations CDlldllFtEd by qualiied pmfesmn_nals.

Lowe, Mike, and Galloway, C.L., 1993, Provisional geologic map of the Snmuthtield quadrangle, Occupancy Buildings The map 15 not intended for use at scales other than the published scale. Map boundaries are

Cache County, Utah: Utah Geological Survey Map 143, scale 1:24.000, 18 p. T . HD = = : based on limited data available prior to the date of publication. are approximate, and are subject

L2 B ] 0 . : : : .
Ao o Mot to change as the quantity and quality of available data improve. The hazards at any particular
i : ; 1 g roun oo . . . . . . . .

McCalpin, James, 1989, Surticial geologic map of the East Cache fault zone, Cache County., (Plate 1) S¢ D g Les A i Lo site may actually be higher or lower than shown because of geological variations within a soil-

Utah: U.S. Geological Swrvey Miscellaneous Field Studies Map MF-2107, scale S v v i e profile type, gradational and approximate map boundaries, and the regional scale of this map.

1:30,000. Inside Enlugene T es Y es Y es T es X 2

Special-Study |t During an earthqguake, growund shaking may occur throughout the map area. The ground-

---1994 Neotectonic detormation along the East Cache fault zone, Cache County, Utah: Utah Surface Fault Rupture Area Q“ﬁﬁm’ Yes Ng' No' Mg shaking hazard in some areas may not be increased by ground-motion amplification, but

Greological Survey Special Study 83, 37 p. (Plate 1} location witlin such areas should not be interpreted as indicating the absence of earth-

= Cutade Special study Area Y es o o IMa wnker gTﬂHIHI j’hﬂfifﬂg
Rial, J.A., Saltzman, N.G., and Ling, H., 1992, Earthquake-induced resonance in sedunentary Liguefaction High, Moderate Tes ¥es No' No'
9 7 : : ] (Flate 2

basis: American Scientist, v. 80, p. 566-578. CEE e s o e .
Solomon, B.J.. 1999, Surficial geologic map of the West Cache fault zone and nearby faults, Box nlsuseegiible i e i e

Elder and Cache Counties, Utah: Utah Geological Survey Map 172, scale 1:50,000, 20 p. ot Fadliee Very High. High, Moderats Ves Ve s s

(Plate 3) .
Somerville, P.G., 1998, Emerging art—earthquake ground motiont Dakoulas, P., Yegian, M. Lo ety L tes Fia s L Maps 1n ﬂ.l LS°Eep) L .
; -‘ T : = : ; e T 1 +  Amplified Ground-Motion and Swtace-Fault-Rupture Hazards (Plates 1A-1D)
and Holtz, R.D.. editors, Geotechnical earthquake engineering and soil dynamics III: P S b e :  Liquefaction Hazards (Plates: 2A-2D)
American SDClﬂt}’ ot Crvil EI]glllEE:l'S, Geotechnical SpEClﬂl Publication ?Sr P- 1-38. ‘At a minimam, appropriate disclosure should berequred. Ifa site 15 also wathin an area with high or moderate potential for lateral spreading ( earth quake-imnduced | = SllSCEptihilit}’ to EEIﬂl(]llﬂkE-IlldllC ed SIDI}E Failure (PlﬂtES EA-.SD)
sope filure caused by liquefaction on shallow dlopes, see plate 33, a site-specific investigation 12 advized consistent with recomtmendations for slope-failure hazards. '

Somerville. P.G.. Snuth. N.F.. Graves. E.W .. and Abrahamson. NJJL., 1997 Modification of *If permanent cuts have slopes steeper than 2H: 1V (50 percent) and are not supported by retaining walls, cut slope stahility rust be addressed in accordance with the INDEX MAP

R : : : : : Ui fortn Building Code (International Conference of Building Officials, 1997, Appende: Chapter 33, section 3312)
empirical strong ground motion attenuation relations to mclude the amplitude and

duration effects of rupture directivity: Seismological Research Letters, v. 68, no. 1. p.
199-222.




